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ABSTRACT: The outbreak of SARS-CoV-2 is posing serious global public health problems. Facing the emergence of this
pandemic, we established a portable microfluidic immunoassay system for easy-to-use, sensitive, rapid (<15 min), multiple, and on-
site detection of IgG/IgM/Antigen of SARS-CoV-2 simultaneously. This integrated method was successfully applied for detecting
SARS-CoV-2 IgM and IgG antibodies in clinical human serum as well as SARS-CoV-2 antigen in pharyngeal swabs from 26 patients
with COVID-19 infection and 28 uninfected people. The assay demonstrated high sensitivity and specificity, which is promising for
the diagnosis and monitoring as well as control of SARS-CoV-2 worldwide.

The ongoing outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), identified as

the causative agent of the corona virus disease 2019 (COVID-
19), rapidly spreads to cause a global pandemic and poses a
huge challenge for global public health.1−3 SARS-CoV-2 can
spread rapidly through direct human-to-human transmission
resulting in high infectivity.4 The indefinite latency and
nonspecific symptoms of SARS-CoV-2 infection makes the
pandemic situation more serious.5−8 Considering the seriously
increasing number of infected cases and widening geographical
spread of SARS-CoV-2, and when in absence of effective
antiviral therapeutics and vaccines for COVID-19, there is an
urgent need for easy-to-use, high-throughput, timely, acces-
sible, and on-site methods for rapidly and sensitively detecting
SARS-CoV-2 infection at an early stage for responses against
the ongoing coronavirus outbreak and prevent and control the
pandemic.9−11

Reverse transcription-polymerase chain reaction (RT-PCR)
is the primary method for the diagnosis of SARS-CoV-2.4,12−14

However, RT-PCR requires time-consuming and labor-
intensive RNA preparation, a reverse transcription step, and
professional operation, which decreases detection sensitivity
and is difficult to achieve on-site detection. Computed
tomography (CT) imaging is an essential tool for fast diagnosis
of SARS-CoV-2.15,16 While the specialized equipment of CT

fails to meet a large scale of requirement, it may not provide
the benefit for point-of-care diagnosis of COVID-19. Various
enzyme-linked immunosorbent assay (ELISA)-based methods
have been developed for SARS-CoV-2 diagnosis.17 For
example, the extensively utilized colloidal gold-immunochro-
matographic assays18 and lateral flow immunochromatographic
assays (LFAs)19,20 offer an immunoassay method for detecting
COVID-19, which show the advantages of simplicity, cost-
effectiveness, fast, and point-of-care testing. Still, there are
remaining limitations such as limited sensitivity and incapa-
bility of quantitative detection.
Microfluidics-based diagnostic systems have been extensively

developed and applied in various fields.21−23 Microfluidic
technologies are able to integrate sample preparation, reaction,
and detection steps into a miniaturized chip. Microfluidics-
based platform offers many advantages: (1) it enables rapid,
laboratory-quality, sensitive detection at the point of need; (2)
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portability, high throughput, multiplex, and automatic; (3) it
significantly saves the volume of reagents and reduces the
testing price.24

The determination of specific antibodies (such as
immunoglobulin G/M, IgG/M) and antigen is an easy, fast,
reliable, and accessible strategy for the diagnosis of SARS-CoV-
2 as well as efficient and large-scale screening of suspected
cases at point-of-care settings.25,26 The detection of IgG and
IgM in serum or whole blood has been demonstrated to be a
reliable method for diagnosing COVID-19 with high specificity
and sensitivity.18,27 Additionally, detecting SARS-CoV-2
antigen protein in nasopharyngeal swab samples has exhibited
outstanding advantages in clinical testing.26

To meet the challenge of the large epidemic, we describe the
development of a point-of-care microfluidic platform integrat-
ing a homemade fluorescence detection analyzer (Figure 1A),
SARS-CoV-2 diagnostic microchips (Figure 1B), and multiple
immunoassays (Figure 1C) for detecting three biomarkers
(IgG, IgM, and antigen). The microchip fluorescence detector
(Figure 1A) measuring 28 cm × 22 cm × 14 cm and weighing
3.8 kg integrates centrifugation, fluorescence detection, and
result display function, which is portable for use in the field.
This proposed platform allowed analysis of three samples or
biomarkers on the fluorescence detector simultaneously. The
simple and low-cost microchip (length × width × height, 55
mm × 35 mm × 5.2 mm) (Figure 1B and Figure S1) was
designed and fabricated by assembling top and bottom plates
(made of polycarbonate) that sandwich the middle layer
containing the sample analysis channel (made of double-sided
adhesive tape). The microchip is composed of a sample

loading chamber, a waste reservoir, and a fluorescence
immunoassay fluid channel comprising a capture region and
test region.
Figure 1C describes the lab-on-a-chip fluorescence immuno-

assay for detecting three biomarkers of SARS-CoV-2. The
combination of multiple biomarker detection offers out-
standing performance such as improving the sensitivity and
accuracy for SARS-CoV-2 diagnosis. The preparation of the
immunoassay microchip for detecting IgG, IgM, and antigen of
SARS-CoV-2 was achieved by matrix nanospotting, which is
listed in the Supporting Information. The cost of a ready-to-
use immunoassay microchip is only about 5 yuan (0.71 dollar).
When 10 μL of specimen (blood, serum, plasma, pharyngeal
swabs, alveolar lavage fluid, or fecal suspension) is added into
the loading chamber of the microchip followed by the addition
of 70 μL of sample dilution buffer, the biomarker of SARS-
CoV-2 (IgG/IgM/antigen) can specifically bind to the
fluorescent microsphere (FMS) labeled capture antibody.
Due to the large nanoscale of FMS, the antigen−antibody
complexes are easily migrated with the flow under the capillary
effect. Then the “antigen−antibody complexes” are immobi-
lized on the fluorescence test region through a second
“antigen−antibody” affinity interaction with SARS-CoV-2
antigen or detection antibody. If the specimen does not
include SARS-CoV-2 biomarkers, no FMS-labeled complexes
bind on the test region. After 10 min, immunoassay chips are
placed in the portable fluorescence analyzer followed by 10 s
centrifugation to remove the residual liquid in the channel into
the waste chamber. Finally, the fluorescence detection results
are read and obtained from the analyzer. The whole assay only

Figure 1. (A) Photograph of the portable homemade fluorescence detection equipment; (B) photograph of the immunoassay microchip ready to
use; and (C) schematic illustration of the microfluidic fluorescence immunoassay for IgG/IgM/antigen detection of SARS-CoV-2.
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takes less than 15 min. This robust microfluidic immunoassay
system can provide a useful tool for SARS-CoV-2 diagnosis in
public health laboratories as well as for timely screening
potentially infected patients to monitor and prevent the
epidemic owning to its capability of easy, fast, cost-effective,
and point-of-care detection. Moreover, this multiple detection
system contributes to enhancing the accuracy and sensitivity of
the detection.
This sample-to-answer microfluidic immunoassay platform

for multiple biomarkers detection was initially determined by
clinical samples from confirmed COVID-19 patients and
healthy samples. All clinical specimens were collected and
tested in Shanghai East Hospital (affiliated East Hospital of
Tongji University, Shanghai, China). Figure 2A and 2B,
respectively, show the fluorescence immunoassay detection
results of IgG in serum samples from 2 patients and 10 healthy
people. We can observe that there is a significant difference
between the infected patients and healthy people by comparing

their final fluorescence value obtained from peak fluorescence
intensity minus background fluorescence intensity, which was
defined as the T value, and the T value could be automatically
read from the analyzer (Figure 2C, p < 0.0001, using the
Mann−Whitney no parametric test). Figure 2D−F illustrates
the similar detection results of IgM in serum samples from 9
patients and 7 healthy people. The antigen testing results from
nasopharyngeal swabs also exhibited an obvious distinction
between 10 patients and 9 healthy people (Figure 2G−I).
These results proved the feasibility of the developed method.
The cutoff values for IgG, IgM, and antigen detection were
determined as 200 (T value), 200, and 100, respectively,
according to these results. It was also found that the
fluorescence values of serum samples from COVID-19 patients
(Figure 2B,E) were significantly higher than the detection
results of pharyngeal swab samples (Figure 2H), which is
probably because of the different levels of these biomarkers’
concentrations between serum samples and pharyngeal swab

Figure 2. Fluorescence detection results of the microfluidic chip fluorescence immunoassay for SARS-CoV-2. (A and B) Fluorescence screening
curve of IgG testing results from healthy people and confirmed patients; (C) comparison of T values from IgG testing between healthy people and
confirmed patients; (D and E) Fluorescence screening curve of IgM testing results from healthy people and confirmed patients; (F) comparison of
T values from IgM testing between confirmed patients and healthy people; (G and H) fluorescence screening curve of antigen testing results from
healthy people and confirmed patients; (I) comparison of T values from antigen testing between healthy people and confirmed patients.

Table 1. Point-of-Care Lab-on-a-Chip Fluorescence Immunoassays Testing of Serum Specimens from COVID-19 Patientsa

number patient 1 patient 2 patient 3 patient 4 patient 5 healthy 1 healthy 2

days of onset 7 14 2 14 18  
T value (IgG) 261.6 1197.0 338.0 723.3 2632.8 53.7 60.0
T value (IgM) 288.6 421.8 172.2 256.8 1919.1 178.5 103.2
IgG + ++ + ++ +++ − −
IgM + + − + ++ − −

a“+” represents positive, 200−500; “++” represents medium positive, 500−1500; “+++” represents strong positive, >1500; “−” represents negative,
<200).
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samples. These results indicated that it was more easy and
sensitive to diagnose SARS-CoV-2 infection via serum samples
than pharyngeal swab samples.
The performance of the microfluidic diagnosis system was

evaluated for monitoring the progression of SARS-CoV-2
infection by IgG and IgM testing. The testing results are
summarized in Table 1. COVID-19 patient 1 was detected as
positive in serum on the seventh day after symptom onset, and
the corresponding T values for IgG/IgM were 261.6 and 288.6,
respectively. COVID-19 patient 2 had positive results of IgG
(T value = 1197.0) and IgM (T value = 421.8) on the 14th
day. COVID-19 patient 3 was diagnosed as positive for the IgG
test (T value = 338.1) and was diagnosed as negative for IgM
test (T value = 172.2) on the 2nd day after onset. T values for
IgG and IgM of COVID-19 patient 4 on the 14th day was
723.3 and 256.8, respectively. COVID-19 patient 5 was
diagnosed as positive on the 18th day after onset with
extremely high T values for IgG (T value = 2632.8) and IgM
(T value = 1919.1). Two healthy samples had negative results
of IgG (T value = 53.7, 60.0) and IgM (T value = 178.5,
103.2). Within the five patients, all of the IgG positives were
100% matched with clinical diagnosis results; only one false
negative result of patient 2 was found for the IgM test, which is
probably because the IgM level had not significantly increased
on the 2nd day of infection. These results demonstrated that
this immunoassay platform had a high sensitivity and
specificity for the diagnosis of COVID-19, which provides a
rapid approach to adequately meet the urgent need for the
ongoing global outbreak management of SARS-CoV-2.
The proposed method was further evaluated by dividing the

SARS-CoV-2 infection into three stages according to the
patient’s infection time. As shown in Figure 3A, the T value for
IgG was increasing when the patients’ infection time was
changed from stage 1 (infected 1−7 days) to stage 3 (infected
over 14 days). Such a growth trend was also observed when
detecting IgM in serum from COVID-19 patients (Figure 3B).
These findings further proved that the microchip immunoassay
could not only accurately identify between SARS-CoV-2-
infected and uninfected cases but also roughly discriminate the
severity of the patient’s infection development with high
sensitivity and reliability. The proposed microfluidic immuno-
assay exhibits the comparable superiority with the traditional
colloidal gold-immunochromatographic assay method for
SARS-CoV-2 detection,18 such as easy-to-use, low cost, and
point-of-care detection. Moreover, our method offers the
ability of sensitive, multiple, and quantitative detection based
on fluorescence intensity (T value), which shows promising
applications for COVID-19 diagnosis. Our method has been

approved by the Center for Medical Device Evaluation
(CMDE) in China and obtained European CE certification.
In conclusion, this study successfully developed a multiple

detection tool for diagnosis of SARS-CoV-2, which integrated
diagnostic microchips, a homemade portable fluorescence
detector, and a microfluidic immunoassay approach. The
multiple-testing platform was demonstrated to be easy-to-use,
rapid, portable, and highly sensitive for point-of-care detection
of SARS-CoV-2 within 15 min. The novel integrated
diagnostic tool holds great promise for applications in SARS-
CoV-2 pandemic monitoring and control. Meanwhile, this
sample-to-answer system is expected to be readily applicable
for quantitative and sensitive detection of biomarkers of many
diseases.
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